I t is difficult to consider the development of science in Canada since the last World W ar without at the same time thinking of the late E. W. R. Steacie, and of the impact that he has had on this development. Tempera mentally, he was the true scientist with all the scientist's concentration and reserve, and yet to an outstanding degree he had a sense of the paramount importance that science would have in the world of the future. He was endowed with a compelling personality, had strong ideas about science, and had the firm conviction that research in Canada should be intensified and expanded both in the universities and in industry until it was commensurate with the standard of living prevalent in the country. With his understanding and clear vision, with his drive, his tenacity and powers of persuasion, Steacie was able to obtain from the government over the years increasingly important subsidies in support of scientific work in the universities. In scientific research his role has been truly remarkable, and his influence has been felt in all fields of scientific activity. He was always interested in men who did good work, no matter what the discipline was, and keen to help them in every way he could. If he had to defend a cause in which he believed, he was fearless and acted with vigour, without any consideration of possible adverse consequences to himself. He, more than anyone else, can be said to have moulded the present pattern of scientific research in Canada.
General career
Edgar William Richard Steacie was born in Montreal on Christmas Day, 1900. He was the only child of Captain Richard Steacie and Alice Kate McWood, the daughter of William McWood of Montreal. Richard Steacie, the son of Edward Steacie, was born in Ballinasloe, Northern Ireland, whence he came at about the age of 20 with his sister and his mother to settle in Montreal where he eventually married. E. W. R. Steacie, the only child of this marriage, was brought up in comfortable circumstances although he was only 14 when he lost his father, and his mother was an invalid during most of his childhood.
Steacie was sent to King's School, Westmount, and later spent one year at Bishop's College School in Lennoxville before going to Westmount High School (1912) (1913) (1914) (1915) (1916) . He proved to be an excellent student and on completing the course of studies was awarded the Commissioners' Leaving Scholarship and the Gold Medal. At Westmount High School he had been greatly influenced by M r William Mussels, the chemistry teacher, who had given him special attention. In later years Steacie felt that he owed a great deal to this devoted teacher who had done everything in his power to develop the natural talent for science that he had detected in his student.
In 1916 Steacie was registered in the science course at McGill, but he did not settle down too well. There was an army tradition in the family. His father, Captain Richard Steacie, had joined the militia as soon as he had settled in Montreal, had enlisted in 1914 at the outbreak of the First World War, and had been killed in action at the second battle of Ypres in April 1915. His uncle, General C. A. Smart, his mother's brother-in-law, was at the time overseas with the Canadian Army. Steacie, who had been very fond of his father, was undoubtedly influenced by this background. He left McGill, joined the army in 1918 and wrote the Entrance Examination of the Royal Military College of Canada which he entered on 25 August 1919 as the successful candidate having obtained the highest marks. He was easily the first in his class and was assigned the duties of Senior of the Recruit Class.
It seems that his army experience and his first year at the College convinced Steacie that he had been wrong in his choice of a career in the army. He obtained his discharge from the Royal Military College on 30 August 1920 and re-entered McGill University as a chemical engineering student. He did not break completely with military life, however, and on his return to Montreal he was commissioned in his father's old regiment, the Royal Montreal Regiment, of which he remained an officer until 1934. That he had left an excellent impression at the Royal Military College is shown by the fact that in 1921 he was awarded an I.O.D.E. W ar Memorial Scholar ship on the basis primarily of his academic record, but also because of a glowing testimonial as to his ability by General Sir Archibald Macdonnell, the Commandant of the College. Steacie obtained the B.Sc. degree with first class honours in 1923, and was awarded the British Association Medal; he entered the Graduate School at McGill having elected physical chemistry as his major subject.
During his undergraduate years he had come under the spell and stimu lation of Professor Otto Maass, F.R.S., from whom he received his training in physical chemistry both then and in graduate school. Later he always recognized that the influence of Otto Maass had left a deep and lasting impression in him, and he attributed his own love of scientific research to the endurance of that influence. Yet, strangely enough, the man who directed his thesis work was not Professor Maass, but Professor F. M. G. Johnson. Referring to this once, Steacie mentioned that it did not make much sense, but the situation had arisen through a misunderstanding. Steacie supported himself in graduate school by holding a demonstratorship in chemistry (1923) (1924) (1925) until he was awarded a National Research Council Studentship for his final year (1925) (1926) This move, which ended Steacie's university career, was to prove eventually the initiation of the profound influence he was to have on academic research not only at McGill University, but in all the universities throughout Canada. He went to his new duties firmly determined not to surrender his personal interest in science, and convinced that whatever administrative tasks were involved, methods could be found of performing them which would not interfere with his own research work.
His chief task in Ottawa was to take a group that had been mainly indusrial in its research work and try to build it up to a first-rate group of chemists devoted about equally to pure and to applied chemistry. Within a few months of his coming to Ottawa, however, the Second World W ar broke out, and his original plans had to be altered for the time being since the necessities of the war demanded that all activities be concentrated towards work of an applied nature immediately related to the war effort.
After the United Kingdom-Canadian Atomic Energy Project was started in Montreal, Steacie was appointed Deputy Director, a post that he held from 1944 to 1946, while retaining his duties as Director of the Chemistry Division in Ottawa. This assignment compelled him to drive two or three times a week to Montreal where his main function was to keep a highly diversified group of individualistic scientists working smoothly together, as well as contributing towards setting the general policy of the establishment. Steacie was not personally interested in nuclear research, yet as a chemist he was intrigued by the possibilities offered by high-energy quanta and highenergy particles in photochemical research and consequently his connexion with the Montreal project was not without satisfaction from a scientific point of view.
At the end of the war, after relinquishing his post with the Atomic Energy Project, Ned Steacie, as he was known to his intimate friends, returned to his original plan of building up the Chemistry Division of the National Research Council according to his idea of what it should be. Within two years the staff was increased with some ten new appointments. About half the staff of the Division worked on problems of applied chemistry while the other half had the officially recognized freedom to work on purely academic problems, and he himself pursued with vigour his own research work in the field of photochemistry and kinetics. He was disturbed by the fact that in a government laboratory with a fixed establishment of so many temporary employees, it is extremely difficult to bring in the new blood which is essential to the good functioning of a research laboratory, because temporary staff members are in the habit of considering their status as being just as permanent as that of the permanent staff. The thought occured to him that if young scientists from any country could be induced to come and do postdoctorate work for not more than two years in the laboratories of the National Research Council, not only would this drawback of a government laboratory be overcome, but there would be created an atmosphere approaching that of a university laboratory. In 1948, the postdoctorate fellowship scheme of the National Research Council was initiated not only in the Division of Chemistry but also in the Division of Physics and that of Applied Biology. The scheme has worked out extremely well, and so satisfactorily that it was eventually widely adopted by other government research laboratories.
In all of this Steacie had the good fortune of having the whole-hearted support of Dr C. J. Mackenzie, F.R.S., then President of the National Research Council who, in turn, enjoyed the full confidence of the Minister responsible for the Council, the Right Honourable C. D. Howe. The three men understood and trusted each other, and such a combination proved to be an ideal one in a period of innovations. Later, after Dr Mackenzie's resignation from the Presidency of the Council the same confidence and trusting relationship was maintained between Steacie and Mr Howe.
In the meantime, Dr Mackenzie, who had been impressed by the way Steacie had discharged his duties in the course of his war-time assignment with the Atomic Energy Project, decided to try again his administrative competence and on his recommendation, Steacie was appointed VicePresident (Scientific) of the National Research Council. Steacie retained his functions as Director of the Chemistry Division, and actively pursued his research interest while discharging the duties of his new function. When two years later Dr Mackenzie resigned from the Presidency of the National Research Council to assume the Presidency of Atomic Energy of Canada Limited, he strongly recommended as his successor, E. W. R. Steacie, who was appointed to the satisfaction of everyone. By that time Steacie had won international recognition as a chemist, had demonstrated his ability as an administrator, and had shown his deep interest in the expansion and strengthening of scientific research in the universities. All scientists in Canada had placed their absolute confidence in him.
One of the first things he did as President was to convince the then Prime Minister of the importance of extending to the universities the postdoctorate fellowship scheme that had been in operation in the Research Council's laboratories. The Government agreed to vote a sum of money sufficient to make it possible for the National Research Council to meet the cost of allocat ing a number of postdoctorate fellowships to those Canadian universities in which scientific research was being successfully pursued.
Although the laboratories of the National Research Council had been devoted to the pursuit of both pure and applied science, the Government support for research distributed by the Council had gone mostly to pure science in the universities. The time had come to broaden this support and Steacie devoted a great deal of energy in inducing university professors of engineering to initiate research programmes with the financial aid available through the Council. The success that he had can be measured by the number of scientific contributions now originating in university engineering depart ments and by the remarkable growth over the last few years of the financial support for research in engineering faculties.
Steacie's method of action was direct, but he also tried to reach a much broader public than just the world of science because of his conviction that 'a liberal education must be redefined so as to include some understanding of science and technology or the facts of life'. He had strong views about all the various aspects of science, and about everything that was related to science. He was articulate and he could clearly and forcefully express himself in simple language. He delivered numerous addresses on various topics especially those where he thought there was confusion in the minds of both the scientific and the larger public; such topics as science and the university, science and the humanities, science and the national academy, science and society, government science, industrial science and international science.
Steacie's success as a research chemist and his wider activities in the scientific societies had prepared him for his role in shaping policy and in planning increased support for science. He took on increasing interest in what he called the impact of Government on science. As the support for science increased, science became of great importance to governments both as a source of major expenditure and as an activity that could no longer be neglected. He was aware that science would lose some of its freedom since a government could not be expected to spend ever increasing sums for science without wanting to see how the money was spent. This was a consequence that had to be accepted, but although he was prepared to accept the ascend ancy of political considerations, he was equally convinced that the danger to be avoided was the bureaucratic planning of science.
The situation of research in industry attracted the attention of Steacie who thought that although what was done was of good quality, there was by no means enough, and that it was essential for Canada's own good that research in industry should eventually become more self-sufficient. His views on this he expressed publicly on many occasions. He persuaded the Govern ment to vote more money to the National Research Council in order to support on a 50% cost basis research projects to be carried out in industry. They should be projects in which industry itself was interested and not those of which the Government had a need. This expansion to industry of the support of research was initiated in 1962.
Steacie was capable of delegating authority; furthermore, he was a very systematic worker, was able to grasp quickly the important aspect of a question, reach a rapid decision, and act immediately. These qualities enabled him for many years to continue to direct research in his own field with the help of very able assistants, and in spite of the exacting duties of the Presidency, the flow of contributions from his laboratory continued. Since the end of the Second World War the climate had been very favourable to the development of the National Research Council, and the innovations brought in by Steacie had not met with too much opposition. More difficult years lay ahead, however, and after 1958 the President of the Council had to devote more time to matters of policy and correspondingly less to his own research work.
It had been possible for the National Research Council to develop the way it had, and to function smoothly because it had been set up by Act of Parlia ment as an agency operating under the authority of the Committee of the Privy Council on Scientific and Industrial Research, outside the Civil Service and its uniform regulations. By 1957, quite a number of new govern ment activities had been set up as agencies, and the Government appointed a special commission to study the operation of the agencies and the whole Civil Service and make recommendations as to how the Civil Service Act should be modified and rejuvenated. The report of the Commission showed that more attention had been paid to streamlining than to effective function ing and contained the recommendation that most of the agencies should be incorporated into the Civil Service. Steacie reacted to this immediately, vigorously and with such telling effect that all the other agencies were satisfied to let him be their champion. In the polemic that ensued he expressed his views: 'The worst possible thing that can happen to an organization which is attempting to do creative work is the insistence on uniformity as a good thing in itself. In a major scientific institution the main thing is to develop a character and an atmosphere which distinguishes the organization from all others. In my view, everything that can possibly be done to make such an organization different administratively should be done. I cannot emphasize too strongly that I feel that the most undesirable thing in any creative organization is uniformity. Some uniformity is, of course, necessary but it should be regarded as an unavoidable evil rather than as a desired goal.' In the end Steacie won his point. The new Civil Service legislation enacted by the Government left out the National Research Council and the other agencies and did not alter their status.
Another source of worry appeared later when the Government set up a Royal Commission to 'inquire into and report upon the organization and methods of operation of the departments and agencies of the Government of Canada and to recommend the changes therein which they consider would best promote efficiency, economy and improved services in the despatch of public business'. Such an order could produce unpleasant surprises. Although Steacie did not live to see the full report of this commission, for quite some time he had been concerned about its possible effect on the Council.
As President of the National Research Council, which has many of the functions of a National Academy, Steacie became interested in the inter national aspects of science. He had already served previously as a VicePresident of the International Union of Pure and Applied Chemistry. From 1958 to 1961 he was a member of the International Advisory Committee on Research in the Natural Sciencies programme of Unesco, at the same time acting as Canadian Representative on the Science Committee of Nato. In 1961, the International Council of Scientific Unions (I.C.S.U.) having reached the decision to revise its structures, elected Steacie as their President for the next three years. He also accepted the chairmanship of the committee formed to draft the new constitution. Because of his experience as an organizer and administrator of scientific affairs, his acute perception and sound judge ment, those interested in the international aspects of science felt reassured now that they knew that he would be at the helm during the critical period of reorganization. He was aware that the danger of the bureaucratic planning of science that existed on a national level was also the danger to be avoided in international science. He possessed too thorough a knowledge of the difficulties and the problems of scientific organization to wish to replace the methods of national governments by the hazards of international bureaucracy and inter-governmental committees. Although he felt very strongly that science transcends national borders, he believed that unless there were overriding considerations the responsibility for scientific programmes can best be handled at the national level where known administrative procedures have been developed and where ultimately financial control resides. The new constitution of I.C.S.U. was adopted by the General Assembly in December 1963, but Steacie was no longer there to preside.
Notwithstanding his many duties Steacie found time to serve as Chairman of the Board of Governors of Carleton University and Chairman of the Advisory Committee for Science of the University of Ottawa.
E. W. R. Steacie was President of the National Research Council for slightly over ten years. He had always enjoyed excellent health. He was ill for the first time in 1959, and had to undergo a minor operation. Unfortu nately the trouble was not cured and he had to return to the hospital on several occasions for minor surgery until in 1961 he underwent a very serious operation. That year the International Union of Pure and Applied Chemistry held a Congress in Montreal and Steacie, who had accepted the Presidency of the Congress, was convalescing and had to stay away. He recovered from the operation and worked for another year. The re covery had been apparent only, however, and he died of cancer on 28 August 1962. 
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Scientific work
Steacie's achievements were many and remarkable, but he remained first and foremost a research scientist. At the start of his scientific career, a few kineticists were beginning to suspect that free radicals played some role in certain chemical processes, and what intrigued him most about free radical reactions was the concept that the gross kinetics of many systems could be built up in principle from a group of elementary reactions which appeared in many overall mechanisms. He realized, moreover, that an explanation of the kinetics of a thermal decomposition must be based on a sound knowledge of the rates of the individual elementary processes involved in that decomposition.
Early work
Steacie's first publication, 'The viscosity of liquid halogens' with Professor F. M. G. Johnson, appeared in the Journal of the American Chemical Society in 1925. There followed an investigation of the solubilities of 0 2 and H 2 in silver, the most important result of which was the development of a method of obtaining large single crystals of silver. It is during this period that he started work in chemical kinetics. The investigation of the kinetics of the heterogeneous thermal decomposition of methyl formate, published in 1930, may be regarded as the first of his many contributions to the field of free radical chemistry, and it is indicative of the state of that subject at that time that the words 'free radical' do not appear in the publication. It was only one year earlier that Paneth and Hofeditz had reported the first detection of methyl radicals by removal of metallic mirrors.
Although Steacie's more classical studies continued into the early thirties, and in 1931 he had published (with Professor Maass) an introductory text on physical chemistry, the main concentration of his research effort was already centred on gas phase oxidations and the decompositions of simple organic compounds. The study of the thermolysis of methyl formate was followed by a number of investigations covering a wide range of kinetic studies in which he was especially interested in differences between the heterogeneous and homogeneous modes of initiation of reaction.
In 1932 Steacie began a study of the specific nature of energy exchange in unimolecular reactions, taking ethers as model systems. He studied the simultaneous pyrolyses of dimethyl and diethyl ethers, and his results, although interpreted without an appreciation of the role of free radicals in these systems, led him to conclude that their rates of decomposition were additive. Further meticulous studies by Steacie and independently by Kassel established that in these mixed systems the efficiency of cross activation was between 40 and 60 %.
Free radicals in thermal decompositions
Although Steacie had examined several thermal decompositions in his earlier work, it was in 1934 with a paper entitled 'The homogeneous uni molecular decomposition of gaseous methyl nitrite' that he first paid serious attention to the role of free radicals in thermolytic processes. Thus, for the first time Steacie invoked Rice's theory of free radicals and proposed the first in a monumental series of reaction mechanisms involving free radical species. This publication is of particular importance not only as a turning point in Steacie's thinking, but also for the impetus that it brought to the then embryonic field of free radical chemistry. This investigation was the initial one of a classic series of studies on the thermolysis of aliphatic nitrites.
In 1936 a general discussion of the role of chemical configuration in terms of current theories of unimolecular reaction was published. Later, ethyl and rc-propyl nitrites were examined at very low substrate pressures and eventually results for a number of members of the series were compared. It was noted that while the observed decline in rates with decreasing pressure in these systems was accurately predictable by the Kassel theory, the observed rate increase with increasing molecular weight in the series found no adequate explanation in the theory. It is illustrative of Steacie's meticulous experi mental approach to compare his early values (obtained in 1934) for the activation energy and frequency factor for the ethyl nitrite system that he obtained, 37-7 kcal/mole and 6-5 X K P s-1 with the most recently reported values for the same system, 37-5dz0-6 kcal/mole and 6* 1 X 1013s_1
At the same time as the nitrites were being examined Steacie carried out two studies of the decomposition of ethyl ether at pressures up to 200 atmo spheres in a specially designed bomb apparatus. The rate investigations made in the first instance by pressure-drop measurements were later con firmed by actual analysis of the gaseous products. These were found to be predominantly saturated hydrocarbons. The combination of the results of this investigation with those of several previous studies provided data for the decomposition at pressures from 0-01 to 20 000 cmHg over which broad range the rate was found to undergo a continuous increase. The results could be explained quantitatively by the Rice-Herzfeld mechanism thus supporting the idea that the reaction is not a simple unimolecular process.
In 1937 Steacie published the results of a study of the pyrolysis of mixtures of dimethyl ether and perdeuterioacetone. This was a very significant contribution since the new technique not only yielded important information on the mechanism of the reaction but also provided a valuable method for determining free radical mechanisms in general. The observation that the thermal decomposition of CD3COCD3-CH3OCH3 mixtures produced exclusively H 2 and D2 precluded the suggestion made in earlier investigations that HCHO, the source of hydrogen, decomposes via a chain mechanism, for if this were the case, the reaction of H-atoms with acetone-d6 would have given rise to appreciable quantities of HD. The method developed in this study has found very wide applicability and there have been since that time a large number of instructive experiments made with mixtures of 'light' and deuteriated compounds.
At this time, also, Steacie began a very detailed study of the thermolysis of n-and wo-butane. In both systems, H 2, CH4, C2H 4, C2H 6 and C3H 6 were products with C2H 8 being an additional product in the Ao-butane reaction. The thermolysis of n-butane in the presence of added ethylene oxide and nitric oxide was also examined. In reporting this work, he made the important point that 'the main defect of the NO-inhibition method is that the assumption that maximum inhibition corresponds to a complete suppression of all chains is arbitrary and makes calculated chain lengths of somewhat doubtful significance'. He found that the presence of chains could not, in fact, be eliminated by excess nitric oxide. At the completion of the reaction the products were observed to be the same as the uninhibited system. Much later, when considerably improved analytical techniques had become available, Steacie re-examined the w-butane system and noted for the first time that during the initial part of the reaction, product composition did change in the presence of NO although the final products were actually identical with those of the uninhibited reaction.
His final study in thermal kinetics, published in 1954, dealt with the pyrolysis of toluene. Detailed examination of the system brought to light some previously unappreciated complications as a result of which it appeared that the earlier value of the C-H bond energy in toluene was open to some doubt. The reaction of H atoms with toluene was shown to produce methane via an atomic cracking sequence, and the importance of reactions of the type, C6H 5-C H 2 + R H ->C6H 5CH3+ /? on the results obtained with the toluene carrier technique was demonstrated by the reaction of benzyl radicals with ^-fluorotoluene.
Atomic reactions
It was while working at the University of Leipzig as a Royal Society of Canada Research Fellow that Steacie began his research in the area of atomic reactions. He studied the reactions of propane with both hydrogen and deuterium atoms produced in a Wood's discharge tube. This study was extended to include ethane, ethylene, butane, acetone, etc. He found that the primary process in each case was an abstraction reaction, which was followed by a series of atomic-cracking reactions.
Heavy atom photosensitization
Photosensitization by heavy metal vapours was one of Steacie's main interests and most of the modern studies in photosensitization by mercury, cadmium and zinc atoms were either carried out in his laboratory or, through his influence, by others who had been associated with him. The study of photosensitization by metal vapours of the decomposition of hydrocarbons was undertaken as a means of determining bond energies. Unfortunately, notwithstanding the soundness of the principle involved that decomposition would not proceed if the spectroscopically known energy content of the particular excited state of a metal atom did not exceed the energy of the bond to be broken, its application was frustrated by the formation of metal hydrides. Thus in most cases more than enough energy was available to break any C-H bond regardless of the excitation energy of the metal atom. Nevertheless, the detection of free radicals produced in these systems provided reliable, and much needed, confirmation of the orders of magnitude of chemi cal bonds in hydrocarbons. W hat further intrigued Steacie in these reactions was the concept of isolating individual free radical processes and studying their kinetics by photochemical techniques. He quickly established that the simple alkanes decompose by loss of an H atom to form the corresponding alkyl radicals. The products were explainable in terms of disproportionation and combination reactions of the alkyl radicals, together with the abstractive attack of the primarily formed H atoms on the substrate itself, to form molecular hydrogen. In connexion with this work Steacie carried out a very precise quantum yield measurement for H 2 formation in the propane and w-butane systems. The values obtained are still regarded as the most dependable.
Steacie was quick to realize that the study of reactions initiated by the excited states of atoms could provide fundamental information on the nature of electronic energy-transfer processes. Thus he was able to show that in hydrocarbon reactions, initiated by triplet-excited cadmium atoms, cad mium hydride detected by its resonance emission is first formed in the primary step. In his studies of the exchange of energy between triplet-excited atoms and olefins, he found that the olefin was thereby promoted to a higher energy level associated with the ^-electron system. This energy-rich molecule could either be deactivated by collision or decompose unimolecularly. A general pattern became apparent. If the olefin or di-olefin was unsubstituted, the products of the unimolecular reaction were molecular hydrogen and an alkyne. Alkyl-substituted olefins and di-olefins decayed from the excited state by loss of an H atom at the allylic position. It is now well established that the energy-rich olefin molecules are actually triplet-excited species, and thus these investigations by Steacie are the first important studies on reactions of the triplet states of molecules.
Reactions of free radicals
Although it is an experimental fact that a large number of organic decom positions follow, at least approximately, a first-order-rate-law, it had been suggested by Rice that most organic compounds decompose by a free radical chain mechanism. Rice and Herzfeld had shown that mechanisms could indeed be devised on a free radical basis which would lead to a first order rate. They also showed that by a suitable choice of the activation energies of the part reactions, the apparent activation energy of the overall reaction could be made to agree with the experimental value. These results, however, are dependent on the choice of the chain-ending step and this choice cannot be made in an entirely arbitrary way. None of the methods then known could furnish decisive evidence concerning the validity of the Rice mechan isms. If the rates of the elementary steps in a chain mechanism were all known over a range of temperature it would be possible to calculate the rate and order of the overall reaction and to compare the result with experi ment. The determination of the rates of elementary reactions of atoms and radicals was therefore a matter of considerable importance and it was this view which was the source of Steacie's interest in the reactions of methyl radicals. His major work in this field was initiated in 1951 with a detailed study of the photolysis of acetone at high temperatures. Subsequently this reaction was used as a source of methyl radicals. A similar study was carried out with perdeuterioacetone. The rate constants for the reaction of methyl and methyl-Dg radicals with a large number of substrates were determined.
For the several constant ratios and activation energies determined in this manner, it was found that the activation energies were distinctly different depending on whether the H-atom abstracted by the attacking methyl radical was located in a primary, a secondary or a tertiary position in the RH molecule. Also the minimum value for the steric factor P in these reactions appeared to lie between lO-3 and 10~4. Similar values were obtained for the reactions of the CH3 radical with cyclic hydrocarbons and with oxygen and nitrogen containing compounds.
Concurrently a study was made of the effect of pressure on the rate of methyl radical recombination. This work remains the most important determination of the third body requirement for free radical recombination reactions.
In investigating the reactions of methyl radicals with the hydrogen isotopes it was found that the rates of the abstraction processes depended on whether an H or D atom was being abstracted. In the case of HD as hydrogen donor the conclusion was reached that the effect was mainly a manifestation of steric effects, rather than activation energy differences.
Using the techniques developed previously for the study of H-atom abstraction by CH3, the investigation was extended to several other classes of compounds. With chlorinated or brominated methanes as substrates it was observed that the presence of even small amounts of hydrogen halide among the products had a complicating effect on the kinetics which had not been hitherto appreciated. There is a difference in the two systems, in that CH3CO, formed in the photolysis of acetone, attacks HBr to yield acetaldehyde.
The investigation was extended to the reactions of ethyl radicals. Rate constant and activation energy values for the recombination and dis proportionation reactions of ethyl radicals were obtained from a study of the photolysis of diethyl mercury and of diethyl ketone and its tetradeuterio derivative. This last study also led to important conclusions concerning the mechanism of the disproportionation reaction. The rate constants and activation energies of the hydrogen atom abstraction from hydrocarbon molecules by the ethyl radicals as well as for the addition reaction were also determined. Ethyl radicals were found to behave as electrophilic reagents and significantly it was found that fairly good linear relation exists between energy of activation for the addition and ionization potential of the substrate molecule.
In a study of the reactions of perfluoro alkyl radicals it was established that the overall mechanism of the photolysis of perfluoroacetone is exception ally simple because of the lack of interaction by reaction intermediates with the parent molecule. The rate constants were determined for the abstraction of hydrogen by CF3 and by w-C3H 7 radicals from several hydrocarbons and from the isotopes of molecular hydrogen. It was pointed out that the energy of activation for this type of reaction for CF3 radicals was about 3 kcal/mole less than that for CH3 radicals. This effect alone was sufficient to account for the much larger rate constants for CF3 radical reactions, and the steric factors observed, like those of the unsubstituted radicals, were found to be small. The low values of this factor supported Steacie's earlier view that the steric factor for free radical reactions need not be as large as unity.
Photo lytic decompositions as sources of free radicals
Although Steacie was primarily concerned with the kinetics of the reactions of free radicals, he examined in great detail the photolytic behaviour of a wide variety of simple organic compounds which he used as sources of radicals, in a continuing effort to uncover important aspects of free radical chemistry in such systems. From this aspect of his work arose the studies of the photolysis of aldehydes, ketones, azoalkanes, mercury dialkyls and other compounds. In the photolysis of hexafluoroacetone, fluorescence is produced, the spectrum of which lies between 3470 and 6000 A, and the effects of added inert gas, wavelength and temperature on the fluorescence efficiency and the primary photochemical yield were reported. The important point is that a reasonably good correlation of the data on fluorescence and photodecomposi tion could be obtained from a single mechanism. This ideal correlation is very difficult to achieve in polyatomic molecules.
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Biographical Memoirs Conclusion Steacie's contribution to the advancement of free radical chemistry was a monumental one. In the early years of development of the field, when the very existence of free radicals was questioned by many, he was among the first to realize that to elucidate the mechanisms of complex organic inter actions the kinetics of the reactions of the free radicals participating as re active intermediates must be studied in detail separately. The field of free radical mechanism studies, in its initial years, was fraught with formidable experimental difficulties which have been at least partially overcome by this work. The lack of a comprehensive theoretical basis for free radical reactions, inadequacy of analytical techniques, the dearth of high-purity substrates, and the limitations imposed by the general level of technical development all combined to frustrate efforts to uncover the vital dynamics of various reaction systems. Steacie realized that to obtain meaningful kinetic data on the rates of elementary processes, the radical-generating system must be thoroughly understood and the rate data must be determined with great care.
As a result of his work, the problem of determining the rate constants of reactions involved in the Rice mechanisms has been solved, at least for the simpler cases. The problem proved to be more complex than had been originally envisaged, but Steacie has succeeded in supplying a sound experi mental basis for the postulates of the scheme.
While he made extensive studies of photolysis and photosensitization, these he regarded as methods of producing radical species that he could study kinetically, more than as important in themselves. In this context it may be legitimate to say that Steacie, much more than a photochemist, was a kineticist.
Steacie had become an authority in his chosen field and was invited to write a monograph on Atomic and free radical reactions which was published in 1946. In 1953 he was Baker Visiting Lecturer at Cornell University, and during this period he completed a second and considerably enlarged edition of his monograph.
The man E. W. R. Steacie was an extraordinary man, and his life was filled with remarkable accomplishments. As a chemist he was outstanding and in the field of photochemistry and chemical kinetics he created a school that attracted young men from many countries. As an administrator he displayed admirable skill in shaping and using administration to serve science. He had the rare faculty of being able to encourage and bring out the best in people. Furthermore, he was an excellent judge of ability and gave unfailing support to those to whom he entrusted responsibility.
Steacie had a personality that was at the same time forceful and attractive; he was understanding and thoughtful of others, and inspired confidence. He respected the judgement of others, and his sympathetic understanding of difficulties earned him a high regard from everyone. These qualities were perhaps the secret of his influence on people. It has been said of him that he would have excelled in any career. He undoubtedly excelled in everything that he undertook, probably because in everything that he accepted to do he brought all his energy, clarity of thought and power of concentration and rapid decision. Although he achieved so much Steacie managed very successfully never to give the impression that he was pressed for time and it was always possible to see him.
For his scientific work Steacie had a communicative and boundless enthusiasm, and students flocked to his laboratory at McGill, just as later, postdoctorate fellows were drawn to his laboratory at the National Research Council. In addition, he was an extraordinarily good teacher. His personality which commanded respect, a profound knowledge of his subject, a talent for clear systematic exposition possessed by few, a brilliant analytical mind, and a deep resonant voice all combined to make him one of those professors to whose lectures a student goes with eagerness and anticipated pleasure.
In his earlier years he was blunt and outspoken in his criticisms of bureaucracy with its administrative obstacles, although he was always sympathetic to the problems of research workers and considerate and helpful in dealing with them. In the responsibility of high office he controlled his bluntness as he developed the art of negotiation, but his intolerance of pretension could still occasionally find a refreshingly forceful outburst.
In his more broadly influential role as President of the National Research Council, Steacie never neglected his duties even at the cost of some of the time that he loved to devote to research work. Because he weighed all the factors carefully before he took a decision, he was not a man to waste time regretting a course of action. Like most men he was carried by events, but he could adapt himself to circumstances with wonderful ease. Once, however, when thinking of his scientific work, he mentioned that one could not refuse the Presidency of the National Research Council, but he would have been happier had it come five years later.
Steacie had a very happy home life with his attractive and vivacious wife, Dorothy C. Day, whom he married in 1926. She was the grand-daughter of Archdeacon W. T. Leach, who had been Vice-Principal of McGill University in its early days. The Archdeacon had a few idiosyncracies that had given rise to some amusing stories to which both she and Steacie were fond of making an occasional reference. There were two children, Diana Jeannette (Mrs W. A. Magill) and John Richard Brian who studied electrical engineer ing. In later years Steacie became very fond of his grandchildren, and he enjoyed seeing them in his moments of relaxation.
Endowed with a cheerful disposition, Steacie loved to laugh. He was unobtrusively a very kind man and an extremely loyal friend. He had no ear for music but was fond of the theatre and had an interest in art. He liked to be out in the open, and in earlier days he played golf and rapidly became quite proficient at it, but he gave it up as he could not spare the time. For years he took pleasure in skiing, but latterly such time as he could spare from his duties he spent at a summer cottage which he had built himself in the Gatineau Hills north of Ottawa.
In his terminal illness Steacie was spared prolonged invalidism in hospital which would have been gruelling for such an active man, and he died at his home four days after his last appearance at the National Research Council.
All those who knew him will subscribe to Dr R. F. Farquharson's words: 'Dr Steacie's unobtrusive kindness and quiet thoughtfulness for others won him the loyalty and affection of his associates just as his other great qualities won their admiration. Those who were privileged to work with him will cherish his memory and look back on his accomplishments with pride and gratitude.5 I acknowledge with gratitude the information kindly supplied by Mrs D. C. Steacie for the preparation of this memoir, and the helpful criticisms of Dr G. Herzberg, F.R.S., Dr C. J. Mackenzie, F.R.S., Dr E. A. Flood, Dr F. P. Lossing, Dr W. G. Schneider, F.R.S., and particularly Dr K. O. Kutschke. Above all, I acknowledge my indebtedness to Professor H. E. Gunning without whose invaluable help I could not have written the account of the scientific work. Also, I wish to convey my apologies to the many collaborators of Dr Steacie for not including their names in discussing his scientific work. All of them, however, are mentioned in the bibliography that follows.
The photograph illustrating this memoir is reproduced by permission of the photographer and copyright holder, Malak of Ottawa.
